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(54) IMPROVEMENTS IN OR RELATING TO THE 
MANUFACTURE OF FOUNDRY MOULDS OR CORES 



(71) We, CENTRE TECHNIQUE 
DES INDUSTRIES DE LA FONDERIE 
of 12, Avenue Raphael 75 — Paris 16 eme, 
France; WENDEiL-SIDELOR of 6 rue de 
5 Wendel — 57 HAYANOE, France and IN- 
DUSTRIES CHIMIQUES DE VOREPPE, 
VOREPPE, (Isere), France, all bodies cor- 
porate, organized and existing under the laws 
of France, do hereby declare the invention, 
10 for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 
The object of the present invention is a 
15 method for the manufacture of foundry 
moulds and cores from a self-hardening liquid 
sand, making it possible to increase their 
mechanical oresistancse. 

Previously proposed methods comprise 
20 mixing a refractory sand with a binding agent, 
a hardening agent for the "binder, a liquid 
and a surface-active agent and, without wait- 
ing agitating this mixture in order to produce 
a foam which fiuidizes it. The fluidized mix- 
25 ture is thus poured into a vessel containing 
the pattern of the part to be obtained or 
having the impression of the core. The mix- 
ture sets in a relatively short time thus 
rapidly allowing handling of the vessel. The 
30 resistance continues to increase up to a value 
such that the mould or core may imdergo the 
metallostatic pressure of the cast metal or 
metal alloy without appreciable deformation. 
The previously proposed liquid sands men- 
35 tioned above are of the self-hardening type 
in the sense that it is not necessary to use 
external agents to make them set, external 
agents which may be for example, heat or 
carbon dioxide. 
40 These self-hardening liquid sands may be 
divided into several categories according to 
the nature of their constituents. 

Certain of these sands comprise, as a bind- 
ing agent, sodium silicate and, in this case, 

[Pnce 2Sp\ 



the setting agent, if it is solid, may be for 45 
example: 

— silicon or ferro-silicon 

— cement 

— caldum sulphate or anhydrite 

— manganese carbonate 50 

— ferro-chromium slag 
— - blast furnace slag 

or, if it is liquid: 

— ethyl acetate or ethyl silicate 

— glycollic acid 55 

— polyalcohols 

Other self-hardening liquid sands comprise 
a hydraulic binding agent which miay be: 

— a cement 

— a blast furnace slag 60 

Other self-hardening liquid sands comprise 
organic binding agents, such as synthetic 
resins or a mixture of the latter with mineral 
binding agents. 

All these previously proposed methods pur- 65 
sue the following aims: 

— allowing filling of the vessel by simple 
casting, i.e. without packing, due to the fact 
that the sand is made fluid by foaming. 

— obtaining adequate consolidation of the 70 
sand in the shortest time in order to recover 
without delay the aforesaid pattern or core 
box. 

to produce a mould or a core, v^ose 
mechanical resistance over a period is suffi- 75 
ciently compatible with the manufacturing 
requirements, in order that it can withstand 
the handling forces and the metallostatic 
pressure of die cast metal or alloy. 

— to create in the mould or core an op- 5" 
timum porosity for the removal of the gases 
during tiie casting of the metal or metal alloy. 
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— to arrange that the sand, after casting 
the part in the mould or around the core, can 
be easily removed in the sense that it is pos- 
sible, by conventional means, to detach the 

5 sand which adheres to the surface of tlie part 
or is trapped in the narrow parts of the latter. 

In fact, the previously proposed methods 
do not make it possible to fulfil all these aims. 
Moreover, they have certain disadvantages. 

10 A first disadvantage is that the moulds or 
cores obtained have an inadequate mechanical 
resistance, both when cold (lOdaN/cm^ at the 
end of 24 hours with the best known method 
in this respect) and hot (2.5daN/cm- at 

15 1200**C by this known method). 

In fact, when the height of the part and, 
consequently, the metallostatic pressure are 
relatively high, the mould is deformed at the 
base and at this point the part has a bulge. 

20 In addition, in the particular case of cast iron, 
in which graphite causes an expansion on 
fomiing, the mould is also deformed. 
In any case, it is necessary to provide exces- 
sively large ^irinkage heads in order to avoid 

25 pipes. 

Moreover, it will be noted that despite 
numerous and considerable pieces of work, 
it has never been possible to increase the 
mechanical resistance of the moulds or cores 
'30 obtained according to these previously pro- 
posed methods, whatever the physical means 
used; pressure, vibrations, agitations etc., 
means which are normally ejffective with non- 
liquid sands. 

35 A second disadvantage is that die bubbles 
in the foam only burst a long time after the 
setting of the sapd has begun, in such a way 
that the condition of the moidd surface, in 
parCLCular in the part which will be in contact 

40 with the molten metal, is poor. Thus, in order 
to improve the condition, it is necessary to 
apply to this surface a slip which fills up 
the small superficial holes. But this slip is 
troublesome and it detracts from the mould- 

45 ing precision, which may be a hindrance in 
certain cases, since it forms an imcontrolled 
extra thickness. 

A third disadvantage of certain of these 
previously proposed methods resides in the 

50 fact tiiat the mould or core obtained is not 
permeable or in any case is insufficient for 
allowing satisfactory escapes of the gases at 
the time of casting the metal or alloy. 
A fourth disadvantage of certain of the 

55 said previously proposed methods is that the 
setting time of the mould or core befoxe its 
di^lacement towards the pig-bed is too long 
if the amount of accelerator is not drastically 
increased. 

60 The object of the invention is to obviate 
or mitigate these disadvantages by firstly 
makmg it possible to increase, substantially, 
the hot and cold mechanical resistance of the 
moulds and cores obtained. Thus, these 

65 moulds or cores may withstand very Wgh 



metallostatic pressures without any deforma- 
tion. Better still, they effectively oppose any 
expansion of the cast metal or alloy, such that 
the precision of the part obtained, even when 
it is made of graphitic cast iron, is retained 70 
and that the compacmess of this part is in- 
oreased^ an increase which is translated into 
a substantial increase of the density. More- 
over, when a lesser resistance is adequate, the 
cost of the primary materials used may be re- 75 
duced, thus decreasing the quantity of bind- 
ing agent used. In any case, with die same 
resistance, the quantity of liquid sand neces- 
sary for forming the mould or core may be 
much less, which allows the cost price of the 80 
latter to be reduced. 

The aforesaid object is also achieved by 
producing an automatic stopping up of the 
superficial micro holes, before die setting of 
the sand, in such a way that the surface con- 85 
dition of the mould or core is good enough 
to avoid the use of a slip or in any case to 
greatly reduce the quantity used of die latter. 
This object is also attained by S3^temadcally 
producing a permeability of the mould or 
core at least equal to that of silico-clay sands. 

This object is finally attained by gready 
decreasing the setting period of the liquid 
sand, in such a way that the immoblliiradon 
of the patterns and the cores is reduced to a ^ 
minimum and the metal or metal alloy may be 
cast much sooner. 

According to tlie present invention, tSiere 
is provided a method for producing foundry 
moulds and cores having a high mechanical 100 
resistance comprising mixing a liquid, a re- 
fractory sand, an alkali metal silicate as a 
binding agent, either a blast furnace slag, a 
ferro-c3iromium slag or a cement as setting 
agent which reacts with the binding agent 105 
without evolution of gas and a surface active 
agent to form a self hardening liquid sand 
and pouring this liqm'd into a mould, wherein 
the surface active agent used produces a foam 
which begins to subside before the sand 110 
begins to set and is at least one compound 
where aqueous solutions fulfil the two follow- 
ing experimental criteria. 

(1) they have a section of stretching of the 
sheet of maximum length, as hereinafter de- 115 
fined, for molar concentrations of the sur- 
face active agent oi between M/5 and M/50; 

and 

(2) they give a foam whose volume is re- 
duced by at least half in 5 minutes for a 120 
molar concentration of M/20. 

According to a particularly advantageous 
embodiment of the method, the density of 
the sand is increased by applying to the latter 
pressure and/or repeated mechanical stresses 125 
by vibrations and agitation between the time 
when the sand becomes permeable and the 
time when it begins to set. 

In order that a surface active agent may 
be used according to the method of the pre- 130 
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sent invention, it is necessary, on the one hand, 
that its surface active properties are such that 
it allows the sand mixture to iiuidize and, 
on the other hand, that it produces a foam, 
5 the duration (or stability) of which is such 
that the foam is destroyed in its entirety or 
at the very least in a large proportion before 
tlie sand begins to set. 

Numerous surface active agents have been 
10 studied on the one hand for--,tlieir surface 
active properties, and on the other hand for 
tiie stability of the foam of aqueous 
solutions of these surface active agents, 
in variable concentrations; and it has 
15 been found that any surface active agent ful- 
filling both experimental criteria, one of 
which makes it possible to evaluate the sur- 
face active properties and the . other tlie 
stability of the foam of its aqueous solutions 
20 sit a given molar concentration, can be used 
in the method according to the invention. 

In order to evaluate the surface active pro- 
perties of the surface active agentsi, there was 
used the tedinique described by J. Vallee et 
25 al. (Revue Francaise desCorps Gras, Octo- 
ber 1956, Page 676 and November 1956 
Pages 1 — 9) and based on the sti-etching of 
theiar aqueous solutions into a thin sheet. The 
measurements are taken with the recording 
30 tensiometer of Prof. J. Thibaud [C.R. Acad. 
Sci. Vol. 211, Page 355, (1940) and Journal 
de Physiquie 1940, page 26]. This device is 
essentially constituted by a three sided de- 
vice of platinum wire, connected to the arm 
35 of a balance, the other end of which has a 
mirror which reflects an incident light beam 
towards a recording plate. The device is sub- 
merged in the solution to be studied con- 
tained in a vessel which is displaced at con- 
40 stant speed up and down. When the vessel 
descends and the horizontal blade of the de- 
vice is about to leave the solution, it is re- 
tarded by the film or the thin sheet which 
is formed between the blade and the free sur- 
45 face of the solution studied. The result is a 
variation of the position of the arm depend- 
ing on the surface tension, and a displacement 
of the light spot whidi, being subject simul- 
taneously to a movement of horizontal trans- 
50 lation, describes a curve as a function of time 
on "tihie recording plate. 

After an ascoiding pait corresponding to 
the appearance of me surface tension, this 
curve has a flat section corresponding to the 
55 stretdiing of the thin sheet between tfie hori- 
zontal blade of the device and the free sur- 
face of the liquid studied. The flat section 
is interrupted at the moment when the sheet 
breaks, and since the stretching speed is con- 
60 stant, the length of the flat section recorded 
is proportional to die stretching length of the 
thin sheet before its rupture. 

According to the studies made by J. Vallee 
and reported in the above mentioned articles, 
65 die l^gth of the flat section of the stretching 



of the sheet on the curves thus traced varies 
as a funcdon of the molar concentration of 
the siuf ace active agent of the aqueous solu- 
tion and passes throu^ a maximum which 
corresponds to the beginning of the aggrega- 70 
tion of micelles in the solution. 

In tills way, for numerous surface active 
agents, which may be used for fluidizing the 
sand mixtures, tiie molar concentration of 
their aqueous solutions has been determined 75 
for which the flat section of stretching of the 
sheet has a maximum length. 

There has also been measured, for the 
same surface active agents, the foaming 
power of aqueous solutions ixi various molar 80 
concentrations of tiie surface active agent, 
according to the standard NF-T-73404; 
and there has been noted the volume of foam 
formed at the end of 30 seconds, 3 minutes 
and 5 minutes, respectively, after dropping 85 
from a height of 450 mm, 500 ml of solution 
onto a liquid surface of the same solution. 
All the measurements were taken at a tem- 
perature of between 20 — 25 ^C. 

It has been found that, in the case of self- 90 
hardening liquid sands, the binding agent of 
which is an alkali metal silicate, the density 
of the sand is increased and, consequently, 
the mechanical resistance of the moulds, ac- 
cording to the method of the invention, by 95 
using as a surface active agent, at least one 
compound, whose aqueous solutions fulfil 
the two following criteria: 

They have a maximum flat section for the 
stretching of the sheet for molar concentra- 100 
tions comprised between M/5 and M/50, 
preferably M/20; 

They give a foam whose volume is reduced 
by at least half in five minutes, for a molar 
•concentration of M/20. 105 

The following table gives, for a certain 
nimiber of compounds having surface active 
properties, on the one hand, the length of the 
flat section of stretching of the sheet for 
solutions of molar concentration M/5, M/10, 110 
M/20, M/50, M/lOO, on the other hand, 
tiie volmnes of foam measured 30 seconds, 3 
minutes, and 5 minutes after the end of the 
fall of solutions of molar concentrations 
M/20, M/50 and M/100. 115 

The length of the flat section of die stretch- 
ing of the sheet is expressed in millimetres 
on curves recorded for a stretching speed of 
1 centimetre per minute, with a device of 
platinum wire of 1/lOth of a millimetre di- 120 
ameter, whose horizontal blade has a length 
of 3 centimetres, a recording of 1 centimetre 
of length on the curve corresponding to a 
stretching of 1 millimetre for the thin sheets 
formed. 125 

The volume of foam is expressed in milli- 
litres. 

According to this table it can be stated 
that, the two criteria abovementioned are ful- 
filled on the one hand, by alkylbenzene sul- 130 
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phonates, such as mono- and di-ethylbenzene 
sulphonatesj mono- and di-isopropylbeazene 
sulphonates, n-propylbenzene sulphonate, and 
n-hexylbenzene stdphonate, and on the other 

5 hand by an alkali metal alkylsulphatE which 
is the octylsulphate. 

Each of these compounds fulfilh'ng the two 
above mentioned criteria ai^e used in the 
densificadon method according to tlie inven- 

10 tion, applicable to sands, the binding agent 
of which is an alkali metal silicate^ in die 
proportion of 0.005 to 2% by weigjit of the 
surface active compound relative to the total 
weight of die liquid sand. 

15 In addition^ it has been found that one can 
use, as a surface active agent in the densifica- 
tion method according to the invention appli- 
cable to sands, whose binding agent is an 
alkali metal silicate, a mixture of two or 

20 more alkyl benzene sulphonates of the follow- 
ing formula: 



SO3 Me 




(I) 



(in whidx Me represents an alkali metal or 
HX, X being an amine, Ri, Rj, Rg each rc- 
presenting an atom of hydrogen or a straight 
or branched chain ali^l group containing 1 
to 6 carbon atoms) or a compound of the 
formula I used alone and wherein Ri repie- 
sents a hydrogen atom, R2 is a hydrogen 

^ atom or a C2, Q or Q aUcyl group 
and R, is a C3 or Q allcyl group; the 
surface active agent being used in the pro- 
portion of 0.005 to 2% by weight relative 
to die total weight of liquid sand. 

35 One can see from the table, that certain 
alkali metal alkylbaizene sulphonates of 
formula I do not ftdfil simultaneously the two 
aboyementioned criteria; alkali metal, such as 
sodium, p-toluene sulphonate does not foam 

40 at the tested concentrations; aD^ali metal tri- 
isopropylbenzene sulphonate has a maximum 
fiat seotion of stretchmg of die sheet for a cxm- 
centration slightly above M/50; alkali metal 
n-butylbenzene sulphonate gives foams which 

45 are too stably and the volume of which does 
not decrease by half after five minutes. In 
fact, it was found thart: each of these com- 
pounds may not be used alone as a surface 
active agent in the method according to the 

50 invention, but only in a mixture of these com- 
pounds or witii other allcyl benzene sulphonates 
of fonmila I as above such as alkali metat 
ethyl and di-ethylbenzene sulphonates, n- 
propyl benzene sulphonates, isopropyl and di- 



isopropyl benzene sulphonates and hexyl 55 
benzene sulphonates or with an alkali metal 
octylsulphate. 

It was also found that, on the one hand 
the alkali metal alkylbenzaie sulphonates 
whose allcyl chain contains more than. 6 car- 60 
bon atoms, such as octylbenzene sulphonate 
and dodecylbenzeae sulphonate and on the 
other hand lauxyl sulphate, compoimds whose 
aqueous solutions accoiding to the following 
table do not fulfill the two criteria mentioned 65 
in the above are surface active agents which, 
when they are used alone as surface active 
agents do not make it possible to make the 
sands, whose bindmg agenit is an alkali metal 
silicate, more dense according to the mediod 70 
of the mv^tion. 

Embodiments of the method are described 
hereafcer as non-limiting examples, these 
same examples being accompanied by curves 
intended to show die chronology of the pheno- 75 - 
mena which occur after the pouring of the 



The applicants have ascertained, after 
numerous experim^ts, that the mechanical 
resistance of the mould could be increased to 80 
a large extent if die mixture of liquid sand was 
made more dense before it solidified. To be 
more exact, tests have shown that, in oider 
to obtain this densification, it is necessary that 
the foam produced by the surface active agent 85 
is destroyed in its entirety or at the very least 
in a large proportion before the mixture 
begins to set. 

In order to illustrate in an indisputable 
manner, the chronological order of the 90 
phenomena, curves have been drawn for each 
of the examples talccn and explamed here- 
after. 

These curves are as follows: — 

1 — A curve of the comprKsion of the 95 
sand as a function of time, showing from what 
moment the sand sdnl^ in the vessel and the 
significance of this settling; 

2 — A curve of the setting of the sand as 

a function of time, showing at which mommt 100 
the solidification of the sand begins; 
,3 — A permeability curve as a function of 
time showing from which moment the bubbles 
of the foam whidi burst join toother, thus 
conferring a certain penneahility cm the 105 
sand. 

The curves in question have bem drawn 
for all the experiments carried out and, in 
particular, for th<»e of the examples described 
heremafcer, proceeding as indicated bdow; no 

1 — All the self-hardening liquid sands 
subject to the experimoit are measured out 
with a viev/ to conferring on them the same 
flmdi^ at the moment of casting. For 
me^urdng tfiis fluidity an Abrahms cone is 115 
used whose small base has a diameter of 
10(knm, whose large base has a diameter of 
20qmm and v/hich has a height of 30Qmm. 
This cone, whose larger open base is placed 
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on the plate, is filled wiith liquid sand at its 
small base by pouring directly into it a stream 
of liquid sand. The cone is then sq>arated 
from the plate and the sand spreads over tlic 

5 latter. For the examples given hereafter, the 
fluidity of the sands tested is such thai: the 
diameter over which the latter spreads on the 
plate is comprised between 360 and 370nun; 
2 — In order to measure the compression, 

10 a cylindrical vessel is used, whose diameter is 
16Qmm and whose height is 540 mm> this 
vessel is filled by pouring the liquid sand 
leaving the mixer and the setdement or drop 
in level of the sand is measured as a func- 

15 tion of time. Thus the graphs illustrating the 
examples 1 — 1 are obtained, the curves dravm 
in fine xmbroken line being designated by the 
general refeience 1. In these graphs, the y 
axis represents the compression T expressed 

20 in millimetres on a linear scale;, and the x axis 
the time t expressed in minutes on a logarith- 
mic scale, the origux of time corresponding 
to the moment of the pouring of the sand at 
the output of the mixer into the aforesaid 

25 vessel; 

3 The setting of the said has been shown 

by measuring the threshold of shearing or 
consistency. 

In order to measure die threshold of shear- 
30 ing, the aforesaid vessel (diameter of 160mm 
and hei^t of 540mni) is filled with Uquid 
sand poured direcdy from the mixer, the smid 
is allowed to setde natinraily until lowering 
of the level is no longer appreciable, and there 
35 is cut from the base of the cylinder of sand 
thus obtained a cake 4Qmm in height. The 
density of the sand in this cake is, according 
to the mixtures between 1.34 and 1.38. In 
order to determine the shearing threshold, a 
40 Vicat needle having a section of 1 miUimette 
squared according to the standard P15414 
of 1960 is used, the depth of penetration of 
this needle loaded with variable masses is 
measured and, according to the Metro's for- 
45 mula, one calculates, depending on this depth 
and the corresponding total mass, the shearing 
threshold expressed in dynes/cm=. 

There were thus obtained, on the afore- 
mentioned graph, curves in fine broken line 
50 designated by the general reference 2. In 
these graphs the y axis represents on a 
logarithmic scale the shearing threshold SC 
expressed in dynes/cm^ and the x axis repre- 
sents the time T as previously. 
55 The setting begins v/hen the rheological 
properties of the mixture change. Now, the 
curves 2 of all the examples (Figs. 1 — 14) 
show that the shearing threshold first of all 
remains substantially constant then sub- 
60 scquently increases very rapidly but the tran- 
sition is progressive. The rounded part 5 of 
the curve which translates this transition does 
not make it possible to define the beginning 
of the setting accurately. We will thus can- 
65 sidcr, in the followingr that the beginning of 



setting is defined by the point A of inter- 
section of the tangents to tie rounded part 5 
extendiag the substantially linear part 6 and 
7 of the curves 2. 

Another test is carried out causing an addi- 70 
tional setding of the sand by vibrations or 
agitation. The vibrations last for 10 seconds 
for each test The amplitude of agitation is 
40mm and there are 10 or 20 in number. In 
all the cases, an overall settling is thus pro- 75 
duced, which according to the mixtures varies 
between 60 and 16(hnm which coiresponds 
to a cake density of between 1.5 and 1.7. 

This test makes it possible to obtain on the 
same graphs the curves in thick broken line gO 
designated by the general reference 3. 

4 — In order to measure the permeability 
a cylindrical tube of 50.8mm diameter is 
used, the base of which is perforated and the 
liquid sand leaving the mixture is poured 85 
into this tube. The depth of this tube is such 
diat the height of the sample of sand after 
natural setding is equal to SO.Snun. The tube 
containing the sample is mounted on an auto- 
matic Dieterc No. 335-A permeameter. This 90 
apparatus indicates an index of permeability 
or a AFS index which depends on the time 
required for a determined volume of air under 
a given pressure to pass through the sample 
of sand. 95 

The measurements are translated by the 
curves drawn on the same graph as previooisly 
in (thick unbroken line, and are designated by 
die general reference 4. Far these curves 4, 
the x axis represents the 'time t with the same 100 
scale as the other curve and, the y axis re- 
presenitis the pcnneabiliiy expressed in AFS 
index and drawn on a Imear scale. 

All measurements were: made at a tempera- 
ture of 18 — ^20®C The following examples io5 
are intended to illustrate the invention with- 
out in any way limiting its scope. 



EXAMPLE 1. (Fig. 1). 
A liquid sand is made with the following 
constituents: 110 

— 50kg of silica sand, the mesh size of 
which is 55 — 60 AFS(American Stan- 
dard); 

— 3.5kg of ground, granulated blast fur- 
nace slag, the surface area of which is 115 
3300:t200cm"/g and the basicity index 

of which is 1.35; 

— 2.5kg of sodium silicate, the SiOj/ 
Na20 modulus is equal to 2, and the 
content of dry material is 51% 120 

— 1.6kg water 

— 50g of commercial sodium mono-iso- 
propylbenzene sulphonate (40% pure 
product) constituting the surface active 
agent. 125 

For the tests, a Henry Mixer of the type 
NlOOl is used the rotor of which with radial 
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paddles is driven by a horizontal shaft 
mounted to rotate in a cylindrical vessel of 
360nim diameter. This rotor is moved at a 
speed of 104rpni. The aforesaid dry com- 
5 ponents are introduced into the vessel and are 
mixed for 1 minute, then the Hquld products 
are introduced and the mixing continues for 
2 minutes. 

At the end of this time, the liquid sand 
10 obtained is poured into .the vessel for measur- 
ing setdonent;, into the vessel for obtaining 
the cake serving for die measuron^t of the 
shearing threshold and into the tube for 
measuring penneability. Then, the curves 1 
15 to 4 are <traced as described in the aforesaid. 
These curves are illustraioed by the graph of 
Fig.L 

The curve 1 shows that the foam begins to 
subside 30 seconds after pouring and subsides 

20 naturally for 1 minute 30 seconds in order tw 
achieve a settling of 25mm for an original 
height of 540mm. 

The curve 2 shows that the consistency of 
the mixture does not develop for more than 

25 10 minutes, but that subsequendy it increases 
very rapidly, the beginning of die setting of 
the sand, defined as above indicated, caking 
place 20 mmutes after the pouring. 

By comparing Jihese two curves, it can be 

30 ascertained that the mixture subsides con- 
sidei'ably and is, consequendy^ more: d^ise 
before the setdng begins. 

The curve 4 shows diait the penneability 
of the mixture is zcm for 2 minutes 30 

35 seconds and that it increases subsequently 
very rapidly. 

The sand can be subjected to r^eated 
mechanical stresses^ by vibrating it by means 
of an external vibrator, a needle> a vibrating 

40 table or the like, or by agitaidng it by me^is 
of an agitating table for example. If these 
stresses lasst for 2 mdnutes 30 seconds after 
pouring, i.e. vrhm the permeability begins to 
develop but when the setting has not yet 

45 begun the experiment confirms that the sett- 
ing of the mixture is much greaiter than 
normal^ it happens from 25 minutes to 125 
minutes. Under these drcumsitancc^, the sand 
becomes more dense than foimerly since its 

50 apparent density is 1.57 instead of 1.38 ob- 
tained by natural setding. Naturally, dt can 
be noted referring to airve 3, that this den- 
sification, if ft has the immediate effect of 
^ghdy increasing the consistency, neverthe- 

55 less does not have the effect of standng the 
setting since the consistency remains constant 
for a certain time after the vibration and only 
begins to increase at the end of 20 minutes, 
i.e. a certain time after the beginning of the 

60 permeability. 

EXAiViPLE 2. (Fig. 2) 
A liquid sand is made with the same con- 
stituents as in Example 1, hurt with 2.5kg of 
blast furnace slag instead of 3.5kg and using 



as a surface aodve agent 8g of commercial 65 
sodium di-isopropylbenzaie sulphonate which 
is 40% pure product. 

The curves 1 to 4 obtained are illustrated 
in Fig. 2. These curves confirm the results 
of Example 1, namely : 70 

— that the sand setdes and become more 
dense before setdng (comparison of curves 1 
and 3); 

— that the beginning of setdng occurs 
after the moment when the penneability 75 
appears (comparison of curves 3 and 4^ wMch 
makes it possible to increase the densificadon 

by vibratiTig the sand as soon as it becomes 
permeable. 

On the other hand the subsidence of the 80 
foam occurs later than in: Example 1, which 
allows more time for pouring the sand whilst 
it is still fluid. 

EXAMPLE 3. (Fig. 3) 

A liquid sand is produced v/ith the same 85 
constituents as in Example 1, but using as a 
surface active agent a mixture cf 25g. sodium 
mono-isopropylbenzene sulphonate and 5g. 
sodium di-isopropylboizene sulphonate each 
of these products being 40% pure. 90 

The curves 1 to 4 obtainedl are illustrated 
in Fig. 3 these curves confirm the resulits ob- 
tained previously and show that by using die 
mixture of surface acdve agents, pardcularly 
favourable conditions are produced for ob- 95 
taining moulds of liquid sand aooording co the 
invention:. 

In fact the subsidence of the foam is pro- 
duced only at the end of about 4 minutes;, 
which allows the sand time to be poured. On 100 
the other hand, the setting of the sand begins 
only twenty minutes after the moment when 
the sand become permeable which makes it 
possible to vibrate it in order to increase 
its density before it sets. 105 

EXAMPLE 4. (Fiff. 4\ 
A liquid sand is produced in the same way 
as in Example 1, and by using the same con- 
stituents as in Example 1, with the exception 
of the surface active agent whfch is constituted HO 
in this case by: 

9g. of sodium di-isoprooylbenzeie suJphon- 

ate of 40% purity and 
12g. of poitassium pMtolu^e sulphonate of 

90% purity. 115 

The curves 1 to 4 <^3itained are illustrated 
in Fig. 4. These curves confirm tie result of 
the preceding examples namely: 

— that the sand setdes and becomes more 
dense before setting (compare curves 1 and 2^; 120 

~ that the sand becxvmes! moats deaise when 
it is vibrated as soon as it becomes permeAble 
(curves 4 and 3). The densiity of the sand 
after vibration or agitation reaches 1.67. 

Moxeover> the posnparison of die curves 125 
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1 of Figures 2 and 4 shows that the incor- 
poration of potassium p-toluene sulphonate 
accentuates the settling of the sand. 

EXAMPLE 5. (Fig. 5) 
5 A liquid sand is made by using the same 
constituents in Example 1 but by using as 
surface active agent a mixture of 14g. sodium 
tri-isopropylbenzene sulphonate of 40% 
puriity and 20g. potassium p-roluene siil- 
10 phonaite of 90% purity. 

The curvefs 1 to 4 obtained are illustrated 
in Fig. 5. They show that the settUng of the 
sand is produced later than in the preceding 
example, but however, still before the begin- 
15 ning of the setting of the sand. The density 
of tiie sand after vibration reaches 1.67. 

EXAMPLE 6. (Fig. 6) 
A liquid sand is made using the same con- 
stituents as in Example 1, but using as a sur- 
20 face active agent 25g sodium di-cdiylbenzcnc 
sulphonate of 40% purity. 

The curves 1 to 4 obtained wre Mustraitcd 
in Fig. 6. They show on the one hand^ that 
the natural settling of the sand reaches 4Qmm 
25 and settling after vibradcra reaches 149nun, 
tie density of the sand thus being 1.66; on 
the other hand the setting of the sand only 
begins at the end of 15 minutes, i.c. more 
than 10 minute after the subsidence of the 
30 foam. 

EXAMPLE 7. (Fig. 7) 
A liquid sand is made with the same con- 
stiments as in Example 1, but using as a 
surface active agent 50g. of sodium n-propyl- 
35 benzene sulphonate, of 4Q% purity in the 
place of di-ethylbenzeiie sulphonate. 

The curves 1 to 4 obtained and illustrated 
in Fig. 7 craifinns the resuks of the preceding 
example; The sand settles and its density may 
40 be increased up to 1.65 by vibrations before 
the setting begins. 

EXAMPLE 8. (Fig. 8) 
A liquid sand is made with tiie same con- 
stituents as in Example 1, but using as a 
45 surface active agent lOOg. of sodium n-hexyl- 
benzene sulphonate which is 40% pure. 

The sand still setdes clearly before it 
begins to set and its deisity may be increased 
by vibrations up to 1.67 or by agitation up 
50 to 1.68. 

EXAMPLE 9. (Fig. 9) 
A liquid sand is made with the same con- 
stiments as in Example 1, but using as a 
surface active agent a mixture of 5g. of 
55 sodium n-butylbenzene sulphonate (40% 
purity) and 15g. of potassium p-toluene siil- 
phcnate (90% purity). 

The curt'es 1 to 4 ara illustrated in Fig. 9 
and show that the settling be^s ito increase 
60 rapidly only at the end of 5 minutes> but still 
brfore the sand sets (15 minutes), which 
makes it possible to vibrate the sand in order 
to increase its density up to 1.63. 



EXAMPLE 10. (Fig. 10) 
A liquid sand is made with the same con- 65 
stituents as in Example 1, but using as a 
surface active agent 8g of sodium octylsul- 
phate (at 40%). The curves 1 to 4 obtained 
are illustrated in Fig. 10 and show thait the 
natural settling of the sand is not very con- 70 
siderable; the density may be increased by 
vibrations or agitations up to 1.68. 

EXAMPLE 11. (Fig. 11) 
A liquid sand is made with the same con- 
stituents as in Example 1, buit using as a sur- 75 
face active agent a mixture of 7.5g. soditmi 
oct54sulphate (at 40%) and 5g. of sodiimi 
benzene sulphonate (at 40%). The curves 1 
to 4 obtained and illustrated in Fig. 11 invite 
the same comments as those of Fig. 5 ; a sand 80 
density of 1,64 may be obtained by vibrations 
before the sand sets. 

EXAMPLE 12. 
A liquid sand is made in the same manner 
as described in Example 1, but with the 85 
following components: 

— 50kg sand widi a mesh size of lOOAFS ; 

— 3.5kg of blast furnace slag; 

— 3kg of sodium silicate with an SiOs — 
NasO modulus equal to 2 and a dry 90 
material content of 51%/ 

— 1.8kg water; 

— 50g of sodium mono-isopropylbenzenc 
sulphonate (40% pure); and 

— 7g. of sodium di-isopropylbenzene sul- 95 
pnonate (40% pine); and 

— 40g. of potassium p-toluene sulphonate 
(90% pure) constituting the surface 
active agent. 

There is thus obtained, after the sand sets, 100 
a mould having the same properties of high 
mech.nnical resdstance as those obtained in the 
preceding examples. This example shows that 
the method according to the invention can be 
applied to sands having a very high index of 105 
fineness, which is particularly advantageous 
for the manufacture of moulds when ncn- 
ferrous alloys will be cast, and which will 
make it possible to obtain parts having "a 
fine skin". 110 
EXAMPLE 13. (Fig. 12) 

A liquid sand is made with the following 
constituents : 

— 50kg of silica sand the mesh size of 
which is c(Mnprised between 50 and 60 115 
AFS; 

— 2.5kg slag coming from the manufac- 
ture of fcrro-chromium alloys; 

— 3kg of sodiiun silicate the SiO^ — ^Na^O 
m^ulus of which is 2.8 and the dry 120 
material content is 48% 

— Lkg water; 

— 20g. of sodiimi di-isopropylbenzene sul- 
phonate at 40% purity and 



s 



1,3613027 



— 20g. of sodium mwio-isopropylbenzene 
sulphTOiatc aft 40% purky. 

The curves 1 to 4 obtained are illustrated 
in Fig. 12. The density of the sand after 
5 vibration reaches 1.69. 

These curves confimi the results obtained 
with Examples 1 to 12 which show that the 
method applies nod: only to sand containing 
blast furnace slags as a setting agents but also 
10 to sands whose setting agent is of fenx>- 
chromium slag. 

EXAMPLE 14. (Fig. 13) 
A liquid sand is made as in Example 1, 
with the following constituaats: 

15 — 50kg sand; 

— 3.2kg sodium silicate; 

— 1.25kg water; 

— 2kg of an artificial Pomland cement 
CPA325; 

20 — 25g, of sodium dl-ethylbenzaie sul- 
phonate at 40% purity. 

The curves 1 to 4 obtained are illustrated 
in Fig. 13. A very considerable natural 
settling is obtained; 55mm. And, although 
25 the beginning of setting took place much 
sooner than in the prodding Examples (4 
minutes), the sand may reach a d^isity of 
1.68. 

This Example shows that the method 
30 applies not only to sand whose setting agent 
is a blast furnace slag or ferro-chromium 
slagy but also to sand whose setting agent is 
cemeniL 

EXAMPLE 15. (Fig. 14) 
35 A liquid sand is made witdi the same con- 
stituents as in Example 1, but by replacing 
70% of the new sand by regenerated sand of 
the same mesh size and by using as a surface 
active agait a mixture of 25g. of sodium di- 
40 is<^ropylbenzene sulphonate (at 40%) of 5g. 
sodium diethylbenzene sulphonate (at 40%) 
and of lOg. potassium p-toluene sulphonate 
(at 90%). 

The curves 1 to 4 obtained are ilhistrated 

45 in Fig. 14. 

The sand setties naturally by 40mm, and 
since the foam subsides before the sand sets, 
the density of the lartter may be further in- 
creased up to 1.59 by vibrations or agitations. 

50 This example shows that the densification 
method of the present invention is applicable 
in a case where at least a part of the sand 
entering the compositicxa of the mixture is 
constituted by regenerated sand, i.e. sand 

55 having already served in the manufacture of 
moulds and cores, and from which there has 
appropriately been removed by known means, 
the products which coat each grain of sand 
after the casting of metal. 

60 The method of the invaition makes it pos- 
sible to increase the mechanical resistance of 



moulds and cores obtained with the liquid 
sand. Tliis property is illustrated by means 
oi the test described below and carried out 
with the liquid sand of Example 5. 65 

In a first series of cold tests, one attranpts 
to determine the variation of resistance to 
ccmpression of samples of liquid sand of den- 
sity equal to* 1.38 depending on the storage 
time, in a confined area and at ambaent tern- 70 
perature (22^C). 

Several identical samples are obtained by 
pouring into as many tubes as are required 
for measuring (8 for example) the liquid 
sands leaving the mixer. Each tube of 50.8mm 75 
diameter and 50.8mm height is provided wifth 
an extension tube and the sand which is 
poured in is loaded in such a way as to be 
subject for 15 minutes to a pressure of 65 
millibars corresponding to that produced in 80 
the previous test by the 500nmi column of 
sand which was above the cake. At the end 
of -This time, the ext^iaon tube is removed 
and the tube is level and then one hour after 
pouring, the rest samples are extracted from 85 
the tube and kept air free. The density of 
these test samples is 1.38 as previously. 

Every three hours, a sam^e is subject to 
a standard test for resistance to compression 
on a Dynamometric press for example. The 90 
breaking load read xs expressed in daN/cni=. 

The curve 8 of Fig. 15 illustrates the varia- 
tion of this resistance R along the y axis as 
a function of time t along the x axis and ex- 
pressed in hours. 95 

A second series of cold tests is effected in 
the same manner on samples of liquid sands 
whose density is 1.57. Each sample having 
the same volume as the cithers is obtained 
by pouring into a tube of 50.8nmi diameter 100 
a mass of sand corresponding to this volume 
and to tliis density tiien by pressing in order 
to obtain a height of 50.8mm. 

A third series of cold tests is effected on 
samples of liquid sand whose density is 1.67 105 
obtained by tiie same method as previously 
but starting with a greater mass of sand and 
pressing as much as possible. 

The curves 9 and 9a Fig. 15 are obtained 
by the resistance test carried out on these no 
samples of daisiiy 1.57 and on those of den- 
sity 1.67. 

In a fourth tseries of cold tests, one attempts 
to determine at ambioit temperature (22°C) 
the variation of resistance to compression as 
a function of the density of the sand and at 
the end of a constant period after the pouring 
of the sand. 

There are thus used samples mads with 
the same sand and in the same way as in 12O 
the second series of tests, but by vaxying the 
quantity of sand press&l into the tubes in 
such a way diat the apparent densities of the 
said samples are all difFeient from each other. 

Curve 10 of Fig. 16 ilhistrates the variation 125 
of the mechanical resistance of the samples^ 
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reached 1 hour after pouring> as a function 
of the density d of the samples. Curve 11 of 
Fig. 16 illustrates the same variation 24 hours 
after casting. 

5 The analysis of these curves 8 — 11 shows 

that: . , _ , 

The greater the density of the sand^ the 

higher the mechanical resistance achieved; 
The greater the density of sand, the 

10 quicker a given resistance is obtained. 

Consequently, the moulds or cores can be 
removed sooner from the bed for pouring the 
sand. The metal or metal alloy can be cast 
sooner, i.e. as soon as an adequaite resistance 

15 of the sand is attained and, consequently, 
without waiting for it to reach its maximum. 
There can be obtamed moiids which are 
much more resistant (25daN/an" for a 
density of 1.57 and 33daN/cm^ for a density 

20 of 1.67 at die end of 24 hours, instead of 
12daN/cm- for baked silico-clay sands) and 
consequently able to support much higher 
ferro-siratic pressures and more intense ex- 
pansions. When a lower resistance is adequate 

25 it is possible to economise on the cost of 
prima.ry materials by reducing the proportion 
of binding agent used. It is possible with an 
equal resistance of the mould to reduce the 
thickness of the walls and thus decrease the 

30 quantity of liquid sand necessary (400kg per 
ton of metal instead of 600 with no liquid 
sand). 

All tliese results are particularly advan- 
tageous since they malce it possible in the 
35 last analysis to reduce the cotst price of cast- 
ing of metal. 

In a fifdi series of hoc tests, one attempts 
to determine the variation of resistance to 
compression whai hot (1200^C) as a function 
40 of tlie density. 

The samples used for these tests -are ob- 
tained by dirccdy pouring liquid sand at the 
outlet of the mixer into tubes of 28.6mm 



diameter and 50.8mm height, these tubes 
being provided with extensions. The sand is 45 
subject to a pressure of 65g/cm2. inde- 
pendently, the tubes are vibrated for a longer 
or shorter period and at an appropriate am- 
plitude, so as to obtain samples of different 
densities. Fifteen minutes after the pouring 50 
of the sand, the extensions are removed and 
the mbes are levelled. One hour after pour- 
ing, the samples are extracted from the tubes 
and stored in a limited supply of air for 24 
hours. ^ 55 

Each sample is then introduced mto an 
oven heated to a tcmperaiture of 1200°C and, 
at the end of 30 seconds, it is subjected to an 
increasing compressive load until rapture. For 
this purpose, one may use the Themiolab 60 
Dilatometer apparatus No. 753 made by 
Dietert. In any case, the rupture load with 
compression of the sample at a temperature 
of 1200^C is noted and expressed as pre- 
viously in daN/cm- in order to show a re- 65 
sistance to compression R, when hot. 

The curve 12 of Fig. 17 illustratjes che 
variation of this resistance R when hot, on 
the y axis as a function of the density of 
the samples on the x axis. This curve shows 70 
that the resistance when hot increases with 
the density of the samples. 

Now, it is known that the higher the re- 
sistance of the sand when hot, the more pre- 
cise the geometry of the part obtained and 75 
the better the density of its structure. Thus, 
such sands are particularly appropriate for 
tlie casting of parts of g^phitic cast iron 
or of high parts of any alloy. 

Moreover, tests show, on the one hand that 80 
the inner surface of the mould free from slip 
is very smooth and, conse<iuently, that the ap- 
pearance of the skin of the part is excellent, 
on the other hand, that the sand is very 
easily removed after casting. 85 
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WHAT WE CLAIM IS: — 
1. A method for producing foundry moulds 
and cores having a high mechanical resistance 
comprising mixing a Hquid^ a refractory sand, 

5 an alkali metal silicate as a binding agent, 
either a blast furnace slag, a ferro-chromium 
slag or a cement as setting agent which reacts 
widi the binding agent without evolution of 
gas and a surface active agent to fonn a self 

10 hardening liquid sand and pouring this liquid 
into a mould, whecedn die surface active 
agent used produces a foam which beguis to 
subside before the sand begins to set and is 
at least one compound whose aqueous solu- 

15 tions fulfil the two following experimental 
criteria : — 

(1) they have a section of stretching of 
the sheet of maximum lengthy as here- 
inbefore defined, for molar concentra- 

20 tions of the surface active agent of 

between M/5 and M/50; and 

(2) they give a foam whose volume is 
reduced by at least half in 5 minutes 
for a molar concentration of M/20. 



2. A method according to Claim 1, wherein, 25 
in order to increase thei density of the sand, 
pressure is applied to the sand between the 
time when the sand becomes permeable and 

the time when the setting begins. 

3. A method according to Claim 1, where- 30 
in in order to increase the density of the sand, 

the sand is subjected to repeated mechanical 
stresses by vibrations and agiitation between 
the time when the sand becomes permeable 
and the time when it begins to set. 35 

4. A method according to Claim 1, where- 
in in oirder to increase the density of the sand, 
a pressure is applied to the sand and the sand 
is subjected to repeated mechanical stresses 

by vibrations and agitation, between the time 40 
when the sand becomes permeable and the 
time when setting begins. 

5. A method according to any one of 
claims 1 to 4 wherein the surface active agient 

is a mixture of two or more alkylbenzene 45 
sulphoneutes of the foonula: 




wherein Me represents an alkali metal or 
HX, X being an amine, and Ri, R2, R3 each 
50 represents an atom of hydrogen or a Unear 
or branched alkyl group of 1 — 6 carbon atoms, 
used in the proportion of 0.005 to 2% by 
weight relative to the total weight of the 
liquid sands. 

55 6. A method according to any one of claims 
1 ito 4, wherein there is used, as a surface 
active agent, an alkylbenzene sulphonate of 
formula (I) according toi claim 6 used alone, 
wherein Ri represents a hydrogen atom, R2 

60 represents a hydrogen atom or a C2, C, or 
Cc alkyl group and R3 represents a Cn, C3 or 
Co> alkyl group used in the proportion of 
0.005 to 2% by weight relative to the total 
weight of the liquid sand. 

65 7. A method according to cliaim 6, wherein 
the surface active agent is an alkali metal 
mono-isopropylbenzene sulphonate. 

8. A method according to claim 6, wherein 
the surface active agent is an alkali metal 

70 di-isopropylbenzrae sulphonate. 



9. A method according to claim 6, wherein 
the surface active agent is an alkali metal 
mono-n-propylbenzene sulphonate. 

10. A method according to claim 6 wherein 

the surface active agent is an alkali metal 75 
diethylbenzene sulphonate. 

11. A method according to claim 6, wherein 
the surface active agent is an alkali metal 
hexylbenzene sulphonate. 

12. A method according to daim 5, wherein 80 
the surface active agenft is a mixjture (rf an 
alkali metal p-toluene sulphonate and an 
alkali metal mono-isopropylbcnzene sul- 
phonate and/or an alkali metal di-isopropyl- 
benzene sulphonate; and/or an alkali metal 85 
tri-isopropylbenzene sulphonate; and/or an 
alkali metal n-butylbenzene stdphonace; and/ 

or an alkaili metal diethylbenzene sulphonate. 

13. A method aoroiding to any one <^ the 
preceding claims wherein ait least a part of 90 
the sand used in the composition of the mix- 
ture is constituted by regeneraited sand* from 
which there has been elihunated at least a 
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part of the produats which cover each graiir scamtially as hereanbefore described in any 5 

of sand after die castmg of the metal. one of the accompanying examples. 

14. A method for producing foundry 
moulds and cores acc(»:ding to claim 1 sub-- MARKS & CLERK. 
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